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Abstract
The upcoming next generation of the internet, often 
referred to as the Semantic Web, will bring a lot of 
new technologies, one of which is the Web Ontology 
Language (OWL). One feature of this language is to 
support interoperability between software applications, 
including web services and intelligent agents. Another 
technology to bring interoperability between software 
programs is ISO-10303 Standard Exchange of Product 
data (STEP). The Industry Foundation Classes (IFC) 
have been developed as a building information model 
for the building and construction industry using 
technology from STEP. Converting IFC to OWL can 
be done on different ways. A unidirectional conversion 
from an IFC to an OWL has been developed for 
research purposes.  The developed prototype converts 
not all the IFC data to OWL but supports the search for 
a more appropriate mapping. As the conversion is not 
straightforward, reengineering the building model to 
gain more advantages of functionality offered by OWL 
has to be investigated. 
1. Introduction 
The Semantic Web is aimed at improving the state 
of the World Wide Web through the use of semantic 
technology [1]. The idea is to extend the existing web 
with machine-processable information by using 
ontologies [2]. Gruber [3] defines these ontologies as 
formalized conceptualizations of terms and concepts in 
a specific domain. Connecting concepts in these 
ontologies with each other creates a network of 
ontologies that can serve as a basis for interoperability 
and logical reasoning. For example, applications such 
as web services or agents can use the ontologies as a 
domain of discourse. The interrelation of these 
ontologies provides for a basis for sharing information 
and hence supports interoperability.  
Another technology to bring interoperability 
between software programs is ISO-10303 Standard 
Exchange of Product data, or STEP [4]. Using 
technology from STEP the Industry Foundation 
Classes (IFC) [5] have been developed as a building 
information model for the building and construction 
industry. This paper describes a pragmatic 
investigation of a unidirectional conversion from an 
IFC file to an OWL file format for research purposes. 
This conversion enables further investigation of the 
usability of the Semantic Web in this domain. 
2. Industry Foundation Classes 
2.1 STEP  
STEP is being developed by ISO TC184/SC4, with 
one of the main goals being to support interoperability 
between software systems by providing a means of 
describing product data throughout the life cycle of a 
product that is independent from any particular 
computer system. Several information models have 
been developed and interlinked to form “Application 
Protocols” (APs). These APs are based on a common 
underlying methodology, i.e. STEP physical file 
format, EXPRESS data definition language, Standard 
Data Access Interface etc. Information models 
describing products such as ships, steel frameworks 
and buildings have been developed using EXPRESS. 
These models can draw upon other EXPRESS models. 
Eventually these information models can be used to 
describe specific products such as ships and buildings. 
To import and export product data, a file format called 
a STEP physical file can be used. Other ways to 
transfer data are STEP compliant databases. Even 
protocols on how to access these kinds of databases 
have been specified by STEP. 
The top-down standardization of these product 
models enables interoperability when software 
applications are compliant with the product models. 
The standardization process, however, is not a 
community process but is in the hands of a relatively 
small organization.  
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2.2 EXPRESS data definition language 
The EXPRESS data definition language is used to 
define a schema for modeling products. This schema 
contains formalized concepts and their interrelations. 
Using entities, attributes and types, concepts necessary 
for describing products are conceptualized. By using 
relationship attributes, these concepts (in the form of 
entities, types and attributes) can be linked to each 
other. A file format has been developed to capture 
these kinds of schemas, which contain the definitions 
of each entity, type, attribute etc.  
Each property under an entity is local. Several 
characteristics can also be defined, such a cardinality 
restrictions, but also statements like OPTIONAL, 
DERIVED, UNIQUE, etc. Besides attributes, types 
and entities, the EXPRESS language also supports 
rules and functions to calculate values of properties. 
For example, it is possible to develop a rule for 
calculating a derived property. 
2.3 STEP physical file format 
A STEP physical file contains the actual product data. 
A STEP physical file is also called a part21, as part21 
refers to the specification of this file. It is interesting to 
note that these files are not self-describing documents. 
This means that the schema file has be known in order 
to be able to read a part21 file. The sequence of 
attribute definitions for each entity determines the 
sequence of values for each attribute in the part21 file.  
2.4 Industry Foundation Classes 
IFC is an EXPRESS schema developed by the 
International Alliance of Interoperability to describe a 
building, and is supported by the major Computer 
Aided Design (CAD) vendors. This means that CAD 
software is available to model buildings and to export 
the information as a STEP physical file. The IFC 
model contains building elements such as roof, beams, 
doors, floors and pipes, and supports different shaped 
models to describe the geometry. In addition, IFC 
addendums are available for this model to address 
discipline-specific information such as facility 
management information, costs, planning, etc. 
It is worthwhile noting that the IFC does not use 
multiple inheritances, although the EXPRESS 
language supports this. In addition, the IFC is quite 
flexible due to its property sets and IFCProxy entity. 
This allows for the inclusion of user-defined semantics 
on the property level and entity level. Currently 
research efforts are being made to create databases 
containing these property definitions, in order to 
support standardization and interoperability on these 
properties.  
3. Web Ontology Language (OWL) 
The Semantic Web is a vision for the future, with 
of the idea of making data on the web more machine-
interpretable by giving it a formalized meaning [2]. 
The World Wide Web Consortium (W3C) has 
proposed a set of technologies that form the basis for 
the Semantic Web framework. To make data machine-
interpretable, a set of languages has been developed to 
support the conceptualization of semantics and to 
support the creation of ontologies (formalization of 
concepts, properties and relations). Applications or 
(web) services can be built on these ontologies. When 
the ontologies are aligned, these applications and 
services can operate on the same data model. Making 
these web services accessible via the web and self-
describing, makes setting up collaboration between 
these services becomes more automated. Eventually 
this approach may even enable self-organizing web 
services to achieve a goal collaboratively. 
OWL has been developed to facilitate greater machine 
interpretability of Web content. OWL uses other lan-
guages such as eXtendable Markup Language (XML), 
Resource Description Framework (RDF) and RDF 
Schema (RDF-S).   
4 Simple mapping from IFC-Express to 
OWL DL 
EXPRESS entities can be converted to OWL 
classes. EXPRESS attributes can be converted to OWL 
slots using equivalent value types. However, it has to 
be noted that attributes in an EXPRESS entity are not 
global and therefore are defined in each entity. Also 
this means that in the IFC file the same property name 
can be used by other entities even with a different 
value type. Converting local entity attributes to global 
slots may cause problems when EXPRESS entities 
define attributes with the same name. To make sure 
that local attributes in EXPRESS do not cause 
problems when they are converted to global slots, they 
have to be unique. A quick solution is to use the entity 
name in combination with the attribute name. 
An EXPRESS list can be converted to an RDF list, 
as the sequence of the information needs to be stored 
as well. An EXPRESS set can be converted just by 
setting cardinality constraints and allowing multiple 
values. The sequence information is in this case lost. 
EXPRESS attributes referring to a type can be 
converted to sub-slots. The super-slot will be the 
conversion of the EXPRESS type. This approach is, 
however, not failsafe. For example, EXPRESS 
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SELECT types can refer to entities but also to other 
types. When converting EXPRESS types to slots and 
entities to classes, this means that, for example, the 
IfcTrimmingSelect slot has a range of a class and a 
slot! This is not allowed in OWL-DL. Also, a slot 
referring to another slot is not allowed in OWL-DL. 
Consequently, converting types to OWL slots does not 
support the conversion of SELECT types referring to 
other slots. Effectively for the IFC schema this means 
that the types shown in Figures 8 and 9 cannot be 
converted this way. 
IfcAppliedValueSelect 
IfcCharacterSpacingSelect 
IfcColourOrFactor 
IfcConditionCriterionSelect 
IfcCurveFontOrScaledCurveFontSelect 
IfcFillStyleSelect 
IfcMetricValueSelect 
IfcPresentationStyleSelect 
IfcSizeSelect 
IfcTrimmingSelect 
Figure 1. List of SELECT types in the IFC model 
referring to entities as well as other types. 
IfcCharacterStyleSelect 
IfcDerivedMeasureValue 
IfcMeasureValue 
IfcSimpleValue 
IfcSpecularHighlightSelect 
IfcSymbolStyleSelect 
IfcValue 
Figure 2. List of SELECT types in the IFC model 
referring to other types only. 
One way to solve these problems is to objectify the 
EXPRESS types into OWL classes (instead of OWL 
slots). EXPRESS types referring to entities (converted 
to OWL classes) and referring to other types (also 
converted to OWL classes) does not present any 
problems anymore. However, the objectification is not 
straightforward for non-elementary types such as 
STRING or REAL types. Converting a REAL type to 
an OWL class means that the REAL value must be a 
property of the OWL class. Figure 10 shows an 
example of how a REAL type can be converted to an 
OWL class by inserting a new property to the OWL 
class called ‘value’, which has the equivalent type of 
an EXPRESS REAL. 
Figure 3. Objectification of an EXPRESS type  
of a REAL. 
5. Conclusions 
Converting data from EXPRESS schema and part21 to 
OWL can be done on different ways. A straightforward 
mapping from Express Entities to OWL classes and 
Express attributes to OWL slots does not convert all 
the information. Therefore it is not a complete mapping 
but uses a straight forward mapping approach. The 
current mapping and developed prototype creates the 
opportunity to use upcoming Semantic Web-related 
technologies for building information models. This 
supports the examination of a more appropriate 
mapping including for example the explorations of 
changes in the building model to gain more advantages 
of functionality offered by OWL. 
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TYPE IfcLengthMeasure = REAL; 
  END_TYPE; 
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